INTRODUCTION
An association between premorbid intelligence and later morbidity, including coronary heart disease (CHD), has been established in longitudinal studies. [1] [2] [3] [4] However, no previous study has investigated whether intelligence affects prognosis of CHD. According to the hypothesis that higher intelligence affects health outcomes through a better ability to prevent and manage disease, [5] [6] [7] those with higher intelligence should be at lower risk for recurrence and early death after a CHD incidence. Adherence to treatment and recommendations might indeed be difficult. For instance, poor compliance in medication for secondary prevention cardiovascular diseases (CVD) is a frequent problem; several prospective studies have found that most patients stop taking at least one prescribed medication during the first year after an event. 8 Intelligence has previously been found to predict medication persistence in a population at risk for CVD. 6 The aim of this study was to investigate if lower premorbid intelligence is associated with recurrence among men diagnosed with CHD. In addition, we wanted to investigate the association of intelligence with case-fatality and all-cause mortality in this group. We used the Swedish conscription cohort of [1969] [1970] , which consists of 49 231 men born in [1949] [1950] [1951] . This cohort contains information on physical condition, health behaviours and intelligence obtained by medical examinations, questionnaires and cognitive assessment. Record linkage with national registers provided data on morbidity, mortality and measures of socioeconomic factors in adulthood.
METHODS
The study was based on data from a nationwide, mandatory examination of 49 321 Swedish men who were conscripted for military service in 1969-1970, at age 18-20. The background of the Swedish conscription examination and the measurements included have been presented in detail elsewhere. 9 10 Only 2-3% of all Swedish men were exempted from conscription at that time, in most cases due to severe mental or physical disability. Ninety-eight per cent of all men conscripted in 1969 and 1970 were born in 1949-1951; the remaining 2% were born before 1949 and are excluded in order to increase homogeneity. Data from national registers were linked to the conscription data and anonymised by Statistics Sweden. This study includes those 2186 men (4.4%) who obtained a first diagnosis of CHD (see below) between 1991 and 2007, age about 40-56, for whom information was available on all variables in this study (figure 1). Ethical approval was obtained from the Regional Ethical Review Board in Stockholm, decision reference number 2004/5:9-639/5 and 2010/604:32.
Exposure: intelligence
Intelligence was assessed at conscription in 1969-1970 by four subtests measuring verbal, logic-inductive and visuospatial ability and technical comprehension. The cognitive assessment has been described in detail elsewhere. 4 13 Of the men, 49 262 (99.9%) had an intelligence score in the data.
Outcome: recurrent CHD
Diagnoses of first and recurrent CHD (Swedish version of International Classification of Disease Ninth Edition (ICD-9) up to 1996, codes 410-414; thereafter ICD-10, I20-I25) were obtained from the Swedish national hospital discharge register, and the national cause of death register for out-of-hospital deaths in CHD, which are held by the National Board of Health and Welfare. In Sweden, hospital care is publically financed and available to all citizens. Men with a first event of CHD registered between 1 January 1991 and 31 December 2007 were included in the analyses. Follow-up started when a man was diagnosed with CHD, at any time during 1991-2007, and ended at the date of whichever occurred first: a second fatal or non-fatal event of CHD recorded in the national hospital or death registers (with a minimum of 28 days after the first event; diagnoses and deaths within 28 days were regarded as reflecting the first event), emigration, death from other causes, or 31 December 2008. The possible follow-up time therefore ranged from 1 to 17 years depending on the time of the first event.
First CHD events leading to death out of hospital and recorded in the cause of death register but not in hospital registers were included in analyses of case-fatality at baseline, but only men surviving their first CHD event were included in follow-up analyses.
Case fatality and mortality
Case-fatality in first CHD was defined as death with any underlying cause registered within 28 days of the first hospital admission for CHD, as is common in case-fatality research, or CHD as underlying cause in case of out-of-hospital death. Mortality with ICD-codes 390-459 (ICD-9) or I00-I99 (ICD-10) as underlying causes, that is, all CVD, were classified as CVD mortality.
Covariates
An overview of all covariates, including additional information about the variables and any categorisations, is presented in the online supplementary table S1. At conscription, all men underwent a 2-day examination during which health measures were obtained including weight and length, from which body mass index (BMI, kg/m 2 ) was calculated, and blood pressure. Information on cigarette smoking and alcohol use was selfreported in a questionnaire. Information on CVD mortality in parents before age 65 was included as an indicator of genetic risk for early CVD. Socioeconomic position in childhood (at age about 10) and adulthood (at age about 40) was registered in the national population and housing censuses. The original six and eight occupation-based socioeconomic groups 4 were collapsed into three and four, respectively, to retain statistical power. Information on income at about 40 years of age (in 1990) and marital status in the year of the first CHD event, or the preceding year in case of missing data, was obtained from the Longitudinal Database of Education, Income and Occupation (LOUISE). Education is highly correlated with intelligence and was not included in the main analyses due to the risk for multicollinearity (correlation about 0.55 in this cohort 14 ) and overadjustment, but was added in an additional analysis.
Since intelligence is associated with various forms of morbidity and possibly the severity of conditions, comorbid conditions and complications might account for any differences in outcome between IQ categories. Hence, diagnoses obtained from the hospital discharge register, either registered as concomitant diagnoses at discharge after the first CHD event or as primary or concomitant diagnoses up to 28 days after or in the 7 years preceding the event, in correspondence to an extension of the Ontario AMI prediction rule applied by Rasmussen et al, 15 were included as either comorbid conditions or complications (diagnoses and corresponding ICD codes are shown in online supplementary table S1). Depression was also included among comorbid conditions since it is also predictive of recurrence in CHD. 16 
Statistical analyses
Intelligence was modelled in three groups: low (stanine score 1-3), medium (4-6) and high (7-9), using the highest performing group as reference. Descriptive statistics of IQ level and covariates were calculated for the full cohort and in subsamples based on men with a first CHD 1991-2007 (table 1) , and of covariates for the three IQ categories (table 2) . ORs for casefatality among men with a first CHD event 1991-2007 were estimated by the logistic regression model. Among men surviving a first CHD event, HRs for a second CHD event and for allcause and CVD mortality, during the period 1991-2008 in relation to level of intelligence at conscription were estimated by the Cox proportional hazards model. Proportionality of hazards was assessed in log-log survival plots and no major violations against the proportionality assumption were found. After adjustment for age at first CHD (model 1), early-life factors that were considered as potential confounders were added to the model (model 2), followed by factors measured at conscription or later (model 3). An additional analysis added education in three Figure 1 Flow chart of the study sample. levels: ≤9, 9-12 and ≥12 completed years. Additional analyses restricted to myocardial infarction (MI; ICD-9 410, ICD-10 I21-22), applied to both the inclusion criteria (first event) and outcome (recurrence), were performed. Possible interaction by adult socioeconomic position 17 was examined in stratified analyses in groups of white-collar or blue-collar occupations. Also, due to the higher mortality among people with lower intelligence, which might cause an underestimation of the IQ-recurrence association, we performed an analysis combining recurrences and deaths from any causes as end points. All statistical analyses were performed in SAS V.9.2 and V.9.3.
RESULTS
Data were available for 2156 men with a first CHD in 1991-2007 and for 1923 men who survived for follow-up through 2008 (7543.6 person years, mean 3.9 years of follow-up time). Men with CHD had lower IQ score, a greater proportion of CVD risk factors (measured at conscription), manual occupations or no registered occupation in 1990 and lower income compared to the full cohort (table 1) . Men who died from other causes than CHD during follow-up had a lower IQ score and a poorer CVD risk factor profile, more disadvantageous socioeconomic conditions and more often comorbid diagnoses or complications in the hospital records, compared to the total group of men with CHD. Men with a second (recurrent) event did not differ substantially from the total group of men with CHD concerning the factors included. Among the 1923 (89%) men who survived for 28 days after their first CHD event, 902 (47%) had a recurrent event during follow-up of which 17 were fatal. Sixty-one per cent of the recurrent events occurred within 1 year after the first. Of the first-event survivors, 146 (7.6%) died from any cause. Of the deceased during follow-up, 37 (25%) had no recurrent CHD event, and 86 (59%) died from other causes than CHD. Among the 74 men who died from CVD, 51 (69%) had a recurrent CHD event prior to the fatal event. Table 2 shows the prevalence and distribution of risk factors in the three IQ categories. The prevalence of smoking and risk use of alcohol, and average BMI and systolic blood pressure, increased somewhat with decreasing IQ category. Non-manual employees had higher IQ to a greater extent while manual employees more often had lower IQ. Parent's early CVD death, diastolic blood pressure, and comorbidity and complications were not associated with IQ. Table 3 shows the associations of intelligence at conscription with case-fatality at first CHD event, and mortality from CVD and all causes during follow-up among 28-day survivors of the first event. There was a tendency of higher case-fatality with decreasing IQ level but it was entirely explained by CVD risk factors and, in particular, socioeconomic and marital status. Men with medium and low IQ had a clearly higher all-cause mortality rate than men with high IQ. After adjusting for confounders the point estimates were attenuated, reaching just below the conventional level of statistical significance. Table 4 shows that intelligence in adolescence was not associated with recurrence among men with CHD in this cohort, neither during the full 17 years follow-up period nor in the analysis limited to 2 years' follow-up. All of the estimates, crude or adjusted, were close to 1.0 and none reached conventional levels of statistical significance. Adjusting for education had no impact on the risk for CHD recurrence (data available on request). Restricting the study group to men with MI showed a similar pattern, although statistical power was low due to the smaller number of events. There was no clear evidence of interaction by socioeconomic position in the stratified analyses (data available on request). There was no difference between blue-collar and white-collar occupations at the medium IQ level, while the HR point estimate was slightly higher at the low IQ level among white-collar employees compared to blue-collar workers, but statistical power was low due to the small number of events in the stratified groups. Analyses stratified by age (40-50 and 51-58 years at first CHD) did not show any statistically significant differences either.
In an analysis combining recurrent events and deaths from all causes (37 deaths) as end points, the HRs were slightly higher compared to the main analysis (age adjusted: medium IQ 1.08, 0.92-1.28; low IQ 1.22, 1.01-1.47; fully adjusted: medium IQ 1.02, 0.87-1.21; low IQ 1.12, 0.92-1.37). Including fatal first events in the analysis yielded similar results (data available on request). High IQ is the reference in all analyses. *Childhood socioeconomic position, parent's CVD death at age <65. †BMI, smoking, risk use of alcohol, systolic blood pressure, occupational class, income, single household and comorbidity/complications. BMI, body mass index; CHD, coronary heart disease; CVD, cardiovascular diseases.
DISCUSSION
In this group of Swedish middle-aged men with CHD, we found no association of premorbid intelligence with CHD recurrence. By contrast, the risk of later all-cause and CVD mortality was higher among men with medium or low premorbid IQ compared to men in the highest IQ category, in line with findings in the normal population. 13 These associations were attenuated after adjustment for traditional CVD risk factors, comorbidity, socioeconomic factors and marital status.
Several studies in various cohorts have found associations between intelligence measured early in life and later CVD morbidity, CVD mortality and all-cause mortality in general populations, 2-4 18 19 and we found that the risk for mortality from CVD or all causes increased with decreasing IQ also among middle-aged men with CHD. Yet, we are not aware of any previous studies investigating the role of premorbid intelligence in prognosis after a CHD event. Studies that have included health behaviours in models of the association between intelligence and later morbidity and mortality, such as smoking and alcohol consumption, [20] [21] [22] [23] have been inconsistent and at most found little attenuation from these factors, implying that health behaviours are not important mediators. The prognostic value of health literacy, which is related to general intelligence, 24 on adherence to treatment in CVD and other conditions such as diabetes has been inconsistent in review studies. 25 26 
Interpretation of the results
One of the hypotheses often put forward to explain the association of IQ with later morbidity and mortality is via the ability to manage one's own health condition. 27 28 Some have indeed found associations between higher intelligence and health behaviours, for instance quitting smoking, 29 30 having a healthy diet, 31 32 physical exercise 32 and persisting with prescribed medications 6 (but null findings are also reported 33 34 ). Gottfredson argues that those with higher intelligence more easily understand and adapt to health messages, and that IQ-related differences in health outcomes should increase rather than attenuate with increasing health information and medical support. 7 Lifestyle interventions and pharmacological treatment are central in secondary prevention of CVD, 35 and differences in adherence to medications can indeed have a rapid impact. In a prospective study on patients with acute MI, non-adherence to medication 1 month after the event was associated with increased mortality within 1 year; even stopping one of three prescribed medications was associated with an 80-180% higher risk depending on medication type. 36 Intelligence has been found to be associated with medication persistence in a randomised controlled trial among people aged 55-72 with an elevated risk for future CVD (indicated by the ankle brachial index). 6 In a cohort of Danish men, lower IQ measured in adolescence (lowest vs highest tertile) was associated with low persistence with prescribed antihypertensives, defined as not refilling prescriptions for at least a year up to age 54, among the 1571 men obtaining such prescriptions from age 41. Given these previous findings, associations of IQ with medication adherence would be expected to cause differences also between IQ categories in CHD recurrence. Moreover, men in the present study with high IQ at conscription had lower prevalence of smoking and risk use of alcohol, and lower BMI and systolic blood pressure, and more advantageous socioeconomic conditions than men with medium or low IQ. Despite these differences, there were no differences between IQ levels regarding the risk of a second CHD event during follow-up. One possible explanation is that medical treatment and rehabilitation is given according to patients' needs, which might mitigate inequalities based on individual as well as socioeconomic factors. The attention, care and support given by medical professionals might also outweigh individual differences. Furthermore, this is a relatively young group of men with diagnosed CHD at an early age (41-58) when factors not related to life style, for example genetic factors, might be more influential and thus more difficult for the individual to affect. 37 In addition, a form of selection bias might occur if men with high intelligence developed CHD due to unmeasured factors associated with better or worse prognosis. Such bias can distort causal inference in any study restricted to already sick individuals. 38 Although we found no differences between IQ levels in regards to recurrence, it is possible that the higher mortality rate among men with medium and low IQ, compared to men with high IQ, reflected a long-term effect of poorer disease management and lower adherence to treatment. Most deaths occurred long after recurrent events of CHD, so there is a time difference between the outcomes. It is also possible that factors that were present already early in life 27 28 that were not captured by the covariates in our data contributed to the long-term differences in mortality between intelligence levels. Factors early in life have been found to predict CVD and mortality later in life. 39 40 Moreover, lifestyle risk factors such as high BMI and elevated blood pressure in adolescence 4 and socioeconomic factors in adulthood 3 4 19 have been found to partly explain associations of early IQ with CVD and mortality later in life. Here, we found that high BMI, blood pressure and smoking in late adolescence also attenuated the associations of low IQ with casefatality and long-term mortality after first CHD, along with socioeconomic and social factors measured in middle age. Parent's early death from CVD and socioeconomic position in the men's childhood did not explain the associations, in line with previous findings on associations of intelligence with morbidity and mortality in general populations.
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Strengths and limitations
In this nearly complete cohort of all Swedish men born in 1949-1951, intelligence was measured in adolescence long before CHD developed, which minimised the risk for reverse causation, that is, precursors of CHD affecting cognitive ability. Information on CHD events, comorbid diagnoses, mortality and socioeconomic factors were obtained from national records using the unique identification number held by all citizens, yielding reliable data and a virtually complete follow-up. The study also had a perfect participation rate without selfselection. However, patients who did not stay overnight at the hospital or had a silent event that did not lead to hospitalisation were not recorded in our data, and we had no clinical information on severity of the disease. Moreover, the participants were followed until about 58 years of age when CHD is still quite rare and the number of cases was consequently small, limiting statistical power. Also, the results cannot necessarily be generalised to CHD later in life, to women, or to countries with a dissimilar healthcare system. There is a strong but far from perfect correlation between measures of IQ early and IQ later in life, 41 and, therefore, our exposure may not fully capture IQ during the follow-up. Moreover, those with higher intelligence might have had less severe events, in concordance with the association between intelligence and health. Finally, our adjustment for comorbidities was not perfect since we could adjust only for comorbidities requiring hospitalisations.
CONCLUSION
Among middle-aged Swedish men with CHD, premorbid intelligence was not associated with the risk for recurrence. By contrast, lower intelligence was associated with higher case-fatality rate at first event and higher mortality during 17 years of follow-up. Although lower intelligence is a risk factor for morbidity and mortality in a life course perspective, we found no evidence of lower intelligence having a negative effect in secondary prevention of CHD.
